Objective: To examine the longitudinal relationship between modifiable wellbeing risks and productivity. Methods: A total of 19,121 employees from five employers participated in baseline and follow-up well-being assessment surveys. Multivariate regressions assessed whether changes in absenteeism, presenteeism, and job performance were associated with changes in 19 modifiable well-being risks. Results: Over time, a 5% reduction in total count of well-being risks was significantly associated with 0.74% decrease in absenteeism, 2.38% decrease in presenteeism, and 0.24% increase in performance. High blood pressure, recurring pain, unhealthy diet, inadequate exercise, poor emotional health, poor supervisor relationship, not utilizing strengths doing job, and organization unsupportive of well-being had greater independent contributions in explaining productivity impairment.
T here are growing concerns about the dramatic economic burden imposed on employers because of health-related impaired productivity. The costs may occur when an employee is absent from work (absenteeism) or when an employee is present at work but not fully engaged in his or her work (presenteeism). The annual lost productive time because of employees' personal and family health problems in the United States was estimated at 2259 billion dollars, 1 and the loss in productivity because of accidents and health problems in Spain was equivalent to 4.2% of Spain's gross domestic product. 2 Other studies indicated that health-related absenteeism and presenteeism created indirect costs at least as large as health care expenditure to employers. [3] [4] [5] [6] [7] Despite the limitations in quantifying monetary value of productivity loss, [8] [9] [10] [11] this evidence provides support to the argument that an investment in employees' health will generate great economic savings for employers. Currently, more than one third of employers in the United States offer workplace health and wellness interventions to employees to realize the potential of health and productivity savings. 12 Researchers and practitioners have been particularly interested in the productivity improvement through reductions in health risks, because health risks are significant indicators of lost productivity and modifiable by workplace programs. The links between health risks and productivity outcomes have been well established in the literature. Some studies showed evidence of the correlation between productivity and the compilation of health risks and suggested that Learning Objectives r Discuss the rationale for and development of "more holistic" productivity assessment tools.
r Summarize the associations between modifiable well-being risks and productivity measures identified by the new longitudinal study.
r Discuss the study implications for the development of multidimensional comprehensive workplace well-being intervention programs.
higher productivity was predicted by a reduced number of health risks. [13] [14] [15] [16] [17] [18] Other studies have examined the differential impact of specific health risk items on productivity and have generally agreed that the contributions of individual health risks are unique and should be investigated separately. 15, 16, [19] [20] [21] [22] Although there is much evidence supporting the connection between productivity and health risks, prior studies were primarily focused on cross-sectional observations that were collected at a single time. Researchers have acknowledged that the cross-sectional analysis is subject to common method bias (systematic variance because of the use of a single measurement method or measurement at a common point in time), a lack of ability to explain within-individual differences over time and the inability to control for unobserved heterogeneities (heterogeneities not observed in data but correlated with outcomes). Longitudinal analysis, to a large extent, accounts for these issues by using repeated measures at different time points for the same individual. To the authors' knowledge, nevertheless, only three studies to date attempted to use longitudinal data to assess the correlations between productivity improvement and health risks reduction over time. Pelletier et al 23 used a small single-employer sample (n = 500) and conducted repeated measures regression analysis. The results suggested that people who reduced the number of health risks by one were observed to have a 9% improvement in presenteeism and a 2% reduction in absenteeism. Lenneman et al 22 used a larger sample (n = 77,088) and confirmed that for those whose health improved, productivity impairment level also decreased. That study also suggested that the movement from high risk to low risk for specific risks (physical inactivity, stress, depression, and weight) led to significant reduction in productivity impairment. Another study with a large sample (n = 7000) by Burton et al 24 found that the increase in each risk factor was associated with a 1.9% loss in presenteeism over a 2-year period.
and health-related productivity loss. There is a growing acceptance, however, that health is not merely the absence of physical symptoms and disease but an inclusive definition that reflects individual's overall well-being at home and at work. 27 Consistent with this multidimensional well-being concept, more holistic productivity assessment tools have been developed. For instance, the Well-Being Assessment for Productivity (WBA-P) 28 provides an evaluation of productivity loss because of well-being-related barriers to productivity that encompass dimensions in physical and emotional health, work environment, and basic access to resources. Another example is the measure of global job performance in the Health and Work Performance Questionnaire (HPQ) (also known as absolute presenteeism). 29 Although often linked with health problems, this global job performance measure was originally designed to capture total productivity loss. Despite these efforts in measurement development, however, very few studies have been conducted to assess the determinants of these general productivity measures. 3, 16, 30 A scientific knowledge gap also exists from the perspective of intervention program evaluations. Increasing evidence has suggested that productivity is correlated with the whole range of employees' well-being factors, including health, personal life, and work environment, 28, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] whereas less attention has been given to compare the individual contributions of these well-being factors to predicting productivity. Some sporadic cross-sectional studies 21, 41 indicated that work-related factors such as poor working conditions, ineffective leadership, unbalanced work and life, and working for an employer unsupportive of well-being had independent effects on presenteeism in addition to health risks. No studies have yet attempted to measure the independent impact of other nonhealth risks in personal life, such as social connection and financial stress, above and beyond the effects of health risks on productivity impairment. Because the well-being approach is adopted within productivity measurement and workplace intervention programs gradually expand beyond disease management to programs that improve multiple well-being dimensions, there is a need to understand the effects of well-being risks on productivity loss across a broad range of well-being dimensions so as to inform well-being improvement strategies and prioritize intervention resources.
This study measured productivity in three ways, including a conventionally defined measure of health-related absenteeism and two presenteeism instruments that are not based solely on physical health: measures of well-being-related presenteeism and global job performance. On the basis of a large pooled employer sample, we examined the relationship between these productivity measures and 19 modifiable well-being risks in 5 dimensions: physical health risks, health behavior risks, social and emotional health risks, work-related risks, and financial health risks. This is one of the few attempts to provide longitudinal evidence on the association between productivity and health risks, with a sufficient study sample, and is the first attempt to explore the predictors of productivity, using a more comprehensive well-being approach based on longitudinal data. By comparing the independent effects of specific well-being risks, we were able to assess their relative importance in determining productivity improvement over time and inform employers and practitioners of optimal resource allocation and intervention prioritization.
METHODS

Design
A two-period within-subject study was designed to estimate the longitudinal association between productivity measures and modifiable well-being risks among a pooled employer sample. Both descriptive and multivariate regression methods were used. The primary outcomes of interest were three measures of selfreported productivity, including absenteeism, presenteeism, and job performance.
Sample
The pooled study sample consisted of employees from five employers across three industries (finance and insurance industry, manufacturing industry, and health care industry) in the United States who participated in the self-administered on-line survey of the Well-Being Assessment (WBA). Participants responded in 2010 (baseline) and after 12 months, in 2011 (follow-up). Data were primarily collected between August and October in each year.
The number of employees responding to the WBA was 32,276 in the baseline survey and 28,818 in the follow-up survey. For the purpose of this study, matched cohort of only 19,121 employees who were continuously employed during the time of the WBA surveys and completed the surveys in both years were selected for the inclusion in the analysis, which represented 60% of the baseline 2010 WBA respondents. The annual survey participation rate among eligible employees ranged between 30% and 85% in five employers. The follow-up survey dropouts were mainly because of change of jobs or refusal to participate. Among the 19,121 employees in the matched cohort, 19,083 had complete information for absenteeism analysis, 18,961 for presenteeism analysis, and 18,632 for job performance analysis.
Settings
During the 12 months between baseline and follow-up, the five employers implemented multidimensional workplace well-being improvement programs provided either by an external well-being program provider or their internal benefits departments. In addition to the annual WBA surveys, a series of interventions were selected by each employer, such as on-site biometric screenings, chronic condition/disease management coaching, health risk coaching targeting areas such as smoking cessation, exercise, and healthy diet, change to healthier cafeteria offerings, modifications to the physical and psychosocial work environment, subsidized fitness programs, monetary incentives to increase physical activity or eat healthy, and access to employee assistance programs providing financial education and counseling services. The ultimate goal of these interventions was to facilitate well-being improvement by reducing employees' individual well-being risks and creating a supportive environment for well-being promotion.
Measures
This study used the WBA survey to collect self-report data of productivity, well-being risks, and other individual socioeconomic characteristics. The WBA was adapted from the Gallup-Healthways Well-Being Index. 42, 43 In addition to the six domains (physical health, emotional health, healthy behaviors, work environment, basic access, and life evaluation) adopted from the Well-Being Index that encompass evaluative and experienced well-being, the WBA has additional depth of measurement with respect to health risks and employee productivity.
The dependent variables were five validated productivity outcomes measured in three ways: absenteeism, presenteeism, and job performance. Absenteeism and job performance measures were incorporated from the HPQ, 29 and three well-being-related presenteeism measures were derived from the WBA-P. 28 The independent variables of interest were modifiable well-being risks measured in counts and individual items. All information was extracted from 2 years of the WBA surveys.
(0 = no absence and 1 = any absence) to account for the highly skewed distribution with mass zeros.
Presenteeism
Presenteeism was assessed using the WBA-P, 28 a survey instrument evaluating the extent of productivity loss due to well-being barriers. It includes 11 questions on reduced working capability associated with personal and work well-being dimensions. The WBA-P asks, "During the past 4 weeks (28 days), how often have you had trouble at work concentrating or doing your best because of..." and then lists 11 possible reasons or barriers. Participants rated the frequency of these barriers on a 3-point scale: "not at all," "some," or "a lot." To compute frequency ratings for 11 barriers into an overall presenteeism score (WBA-P overall) representing employees' total work and personal related barriers to productivity, we recoded the responses "not at all," "some," or "a lot" into numeric values "0," "1," and "2," respectively. The recoded values for 11 items were then summed up and multiplied by a multiplier (4.545 for WBA-P overall score) to scale up the highest possible score to 100. The overall scores therefore ranged between 0 ("not at all" for all 11 reasons) and 100 ("a lot" for all 11 reasons). Similarly, two subscales of WBA-P were also standardized into a 0-to 100-point scale to indicate employees' work-related presenteeism (WBA-PW) (multiplier 8.33) and personal sources of presenteeism (WBA-PP) (multiplier 10).
Job Performance
Job performance was self-reported by employees, measured by the absolute presenteeism item from the HPQ: 29 "On a ladder from 0 to 10 where 0 is the worst job performance anyone could have at your job and 10 is the performance of a top worker, how would you rate your overall job performance on the days you worked during the past 4 weeks (28 days)?"
Modifiable Well-Being Risks
The modifiable well-being risks included 19 items in 5 wellbeing dimensions that are the scope of the workplace comprehensive well-being programs commonly used by employers nowadays. In addition to the physical health, health behavior, and emotional risk items that have been frequently estimated in prior studies, we included social health risk, work-related risks, and financial health risks to account for often-ignored risks in employees' work and personal life. The 19 modifiable well-being risks included the following:
• Physical health risks: (1) obesity, (2) high blood pressure, (3) high cholesterol, (4) recurring pain; • Health behavior risks: (5) unhealthy diet, (6) inadequate exercise, (7) tobacco use, (8) excessive alcohol use, (9) poor safety practice; • Social and emotional health risks: (10) poor emotional health, (11) weak social support; • Work-related risks: (12) job dissatisfaction, (13) The definitions of all well-being risks are described in greater detail in the Appendix. Each well-being risk indicator was dichotomized into 1 if high risk definition was met and 0 otherwise. The count of total well-being risks was computed by summing up all 19 risks, ranging between 0 (did not meet any well-being high risk definitions) and 19 (met all 19 well-being high risk definitions).
Statistical Procedures
The descriptive statistics of five productivity outcome measures (any health-related absence days, WBA-P overall, WBA-PW, WBA-PP, and job performance) and modifiable well-being risks by count and by item were evaluated. Paired t tests were conducted to determine whether the differences in these variables between baseline and follow-up were statistically significant. To detect the significant differences in productivity changes across changes in wellbeing risks over time, one-way analysis-of-variance F test was further performed.
Multivariate regression techniques in longitudinal data were conducted to assess how changes in productivity measures were associated with changes in well-being risks. Specifically, fixed-effect models were used, where changes in measures were represented by within-subject differences between two periods. We used a fixedeffect logistic model to estimate the binary choice outcome (ie, any absence days) and a first-difference linear model to estimate the continuous outcomes (WBA-P overall, WBA-PW, WBA-PP, and job performance). Three sets of regressors were considered in the regressions: (1) Regressor at the total risk count level was used to examine the overall correlation between productivity and total number of well-being risks; (2) single risks in each of the five risk dimensions were aggregated to estimate independent impact of different risk dimensions; (3) 19 single-risk items were included to examine the relative contributions of specific well-being risks in determining the productivity changes. Regressions using these three sets of regressors were performed separately.
The following individual baseline socioeconomic characteristics were also included in all regressions to account for their relationship with changes in productivity measures: sex (men = 1 and women = 0), age (in years), marital status (married or partnered = 1 and other = 0), education (indicators for high school or below, college, and graduate or above), management level (manager = 1 and other = 0), and job tenure (in months). Employer indicators were also included in the models to control for employer-specific effects.
Finally, we standardized the effects of predictors by converting regression coefficients obtained from multivariate regressions into percentage changes in productivity measures relative to their baseline. We assumed 5% relative reduction in individual baseline well-being risks and computed their associated productivity percentage changes. Taking change in WBA-P overall with respect to the change in total count of well-being risks as an example, standardized WBA-P overall score percentage change = (−5%) × coefficient of total well-being risk count obtained from regression × (total wellbeing risk count at baseline ÷ WBA-P overall score at baseline). Considering that among these five employers in this study, the total count of well-being risks and the prevalence of individual risks were on average reduced by 8% to 9% during the study period, this is a realistic and conservative scenario that employers and practitioners may achieve. Such standardization enabled us to compare the relative effect of total count of risks on different productivity measures and compare the relative importance of individual risks in determining the same productivity measure. As opposed to the potential cost savings modeled from hypothetical scenarios in cross-sectional data, the results reported in this study were empirically supported by observed changes over time. Statistical software SAS Enterprise Guide 4.3 (SAS Institute, Cary, NC) was used for the statistical analysis.
RESULTS
Summary Statistics
Among the 32,276 employees who responded to baseline 2010 WBA survey, 19,121 also responded to the follow-up 2011 survey and the rest dropped out (13, 155) . Although employees in the matched cohort were more likely to be men and a manager, more educated, with longer job tenure, the differences in these socioeconomic characteristics between the matched cohort and dropout sample were not substantial at baseline (Table 1) . Among both samples, around half were men and two thirds were married. The average age was roughly 42, and the average number of children living in the household was fewer than 1. About 20% of employees had high school diploma or below, and the rest (80%) obtained college or advanced degrees. Employees on average worked for the same employer for 10 years. Table 2 presents means and standard deviations of productivity outcomes and modifiable well-being risks in baseline and follow-up among employees in the matched cohort. Paired t test statistics for the changes from baseline to follow-up are also reported. Comparing the means between two periods, all five productivity measures showed significant improvements. The proportion of employees reporting any absence days in the 28-day reference period was reduced by 27.36%. The WBA-P overall, WBA-PW, and WBA-PP scores decreased by 12.27%, 14.67%, and 7.94%, respectively, relative to baseline. The increase in self-rated job performance was marginal but significant (0.67%).
Looking at individual well-being risk profiles at baseline (Table 2) , the most prevalent physical health risks were obesity (29%), high cholesterol (25%), and recurring pain (44%). Unhealthy diet (64%) and inadequate exercise (49%) were common health behavior risks. Poor emotional health (24%), poor supervisor relationship (35%), and organization unsupportive of well-being (37%) were common emotional and work-related risks. On average, the total count of well-being risks was 4.57 at baseline.
At follow-up, the total count of well-being risks was reduced by 0.39, representing 8.53% reduction relative to baseline. At the item level, the prevalence of the majority well-being risks ( Table 3 shows the average changes in productivity measures by the changes in the counts of well-being risks in five dimensions. Taking health behavior risks as an example, dividing the changes in risk count into categories (reduced by one risk or more, no change, and increased by one risk or more) revealed that 26.13% of the employees reduced total health behavior risks by one or more, 53.27% maintained the same level, and 20.60% increased their risk count by one or more. The improvement in risk count generally indicated corresponding favorable changes in productivity measures. For those who reduced their well-being risks by one or more, we observed a reduction in absenteeism and three measures of presenteeism (WBA-P overall, WBA-PW, and WBA-PP) and an increase in job performance. The analysis-of-variance F tests further revealed that the intergroup differences were all statistically significant for presenteeism and job performance measures. For absenteeism measure, health behavior risks, social and emotional health risks, and financial risks showed significant intergroup differences. After summing up all the 19 well-being risks to a total count, the differences in all five productivity measures were statistically significant and favorable across categories of total risk change over time. Tables 4 and 5 report the odds ratio and standard errors from the fixed-effect logistic regression for the estimates of any absence; coefficients, standard errors, and R 2 from the first-difference linear regressions for presenteeism and job performance estimates are also reported. Predictors at the count level (Table 4 ) and item level (Table 5) were estimated separately. Using changes in total count of well-being risks as predictors and controlling for baseline socioeconomic characteristics, changes in total well-being risk count were significantly associated with the changes in all five productivity measures in favorable directions over time (Table 4) : increased total number of well-being risks was correlated with increased odds of having any absence days, increased WBA-P overall, WBA-PW, and WBA-PP and decreased job performance. When risk counts in five dimensions entered regression (Table 4) , changes in risk counts in five dimensions were associated with changes in presenteeism (WBA-P overall, WBA-PW, and WBA-PP) and job performance significantly. Regarding the predictors of absenteeism over time, changes in health behavior risk count and social and emotional health risk count were significant; but physical health risk count, work-related risk count, and financial health risk count were not significant. In general, changes in total well-being risk count accounted for 6% to 12% of variation in presenteeism changes and 3% in job performance changes over time.
When item level predictors were entered into regression (Table 5) to estimate the independent contributions of changes in individual risk items to changes in productivity, most well-being risks suggested significant and plausible relationship with productivity outcome variables. Taking poor emotional health as an example, over time, employees who moved from low risk group to high risk group were 1.33 times more likely to have any absence days, increased their WBA-P overall by 3.68, and decreased their job performance by 0.26 on average. Compared with the proportion of variation explained by total well-being risk count, changes in item level predictors accounted for a slightly larger proportion of variation in presenteeism (8% to 14%) and job performance (4%).
Some baseline socioeconomic control variables also showed significant correlations with productivity changes (results not shown). For example, longer tenure was a significant predictor of absenteeism reduction; higher education, employment in a managerial position, and longer job tenure were significantly correlated with reduced presenteeism; and men were significantly correlated with increased job performance. Employers showed significant difference in the changes of presenteeism and job performance but not in the changes of absenteeism.
The unstandardized coefficients were not directly comparable across regressors in different raw scales. To gauge the impacts of total well-being risk count in determining different productivity measures, we standardized the coefficients taken from Table 4 into percentage change in productivity relative to their baseline as shown in Table 6 , assuming a 5% relative reduction in individual baseline well-being risks. For example, if the total number of well-being risks was reduced by 5% from baseline to follow-up, the total number of risks would be changed from 4.57 at baseline to 4.34 at follow-up and the associated relative changes in absenteeism, WBA-P overall score, and job performance would be −0.74%, −2.38%, and 0.24%, respectively. Similarly, we compared the standardized effects of well-being risk count in five dimensions on productivity changes over time (Table 6 ). Results suggested that the reduction in health behavior risks had the largest longitudinal impact on absenteeism (−0.31%), followed by social and emotional health risks (−0.22%). Workrelated risk reduction had the greatest contribution to WBA-P overall (−0.90%), WBA-PW (−1.15%), and job performance (0.098%) over time. Physical health and health behavior risk reduction also had high impacts on WBA-P overall, WBA-PW, WBA-PP, and job performance. Although it was statistically significant, the impact of financial health risks on absenteeism, presenteeism, and job performance measures was marginal over time.
To look at the relative contributions of specific well-being risks, the standardized productivity percentage change for 19 modifiable well-being risks at the item level was plotted along the x axis against baseline well-being risk prevalence along y axis in Figure 1 . For example, the prevalence of poor emotional health at baseline was 24%. A relative reduction by 5% will result in a 1.2%-point change in prevalence rate, reducing the baseline prevalence to 22.8%. This 5% relative risk reduction was associated with a 0.18% relative reduction in absenteeism, 0.21% relative reduction in WBA-P overall score, and 0.04% relative increase in job performance rating. The rationale behind such comparison across individual risk items against their baseline prevalence is that the marginal benefit for reducing well-being risk prevalence is potentially the largest for those risks with high prevalence at baseline and a high impact on productivity changes over time (risks enclosed in rectangles in Figure 1) . A closer look at the item level revealed that health-related risks such as high blood pressure, recurring pain, unhealthy diet, inadequate exercise, and poor emotional health had larger baseline prevalence and higher impact on productivity loss. The often-ignored prevalent nonhealth well-being risks such as poor supervisor relationship, not utilizing strengths doing job, and organization unsupportive of well-being were also key factors influencing productivity over time.
DISCUSSION
Improving employees' productivity is essential to an employers' competitiveness. To understand the longitudinal predictors of productivity measures including health-related absenteeism, presenteeism, and job performance, this study estimated the impact of a broad list of modifiable well-being risks over time. The study sample was pooled from five employers across diverse industries, making our results more generalizable than single-employer studies. It consisted of 19,121 employees who responded to both baseline 2010 and follow-up 2011 WBA surveys.
By analyzing the within-subject variations in longitudinal data, we found that, over time, the reduction in the count of modifiable well-being risks was significantly associated with the improvement in productivity measures over the 1-year period. This is in line with the evidence found in the studies of Pelletier et al, 23 Lenneman et al, 22 and Burton et al, 24 which evaluated longitudinal data and concluded that the reduction in the total number of health risks over time explained the reductions in presenteeism. This longitudinal study results are also consistent with prior cross-sectional studies that demonstrated the reduction in number of health risks was significantly correlated with the improvement of productivity measures, and the effects of individual risks were additive. [13] [14] [15] [16] [17] [18] Because we used a more comprehensive assessment of modifiable well-being Physical health risk count − 0.16% − 0.25%*** − 0.12%** − 0.47%*** 0.014%* Health behavior risk count − 0.31%** − 0.37%*** − 0.22%*** − 0.64%*** 0.040%*** Social and emotional health risk count − 0.22%*** − 0.28%*** − 0.12%*** − 0.58%*** 0.045%*** Work-related risk count − 0.040% − 0.90%*** − 1.15%*** − 0.46%*** 0.098%*** Financial health risk count − 0.047% − 0.14%*** − 0.077%*** − 0.25%*** 0.002% Total well-being risk count − 0.74%*** − 2.38%*** − 2.22%*** − 2.64%*** 0.24%*** *P < 0.1; **P < 0.05; ***P < 0.01. a The estimated productivity changes associated with changes in well-being risk counts were standardized into percentage change relative to baseline, assuming a 5% reduction in the count of well-being risks and controlling for baseline socioeconomic characteristics.
WBA-P, Well-Being Assessment for Productivity; WBA-PW; Well-Being Assessment for Productivity work-related presenteeism; WBA-PP, Well-Being Assessment for Productivity personal sources of presenteeism.
risks to interpret productivity measures, our longitudinal results are not directly comparable with cross-sectional studies. It is plausible, however, to hypothesize that our estimates are in general smaller than those in cross-sectional analysis because cross-sectional betweensubject variations are usually larger than longitudinal within-subject variations and cross-sectional observations may be inflated because of common method bias resulting from concurrent measurement. To test this hypothesis, we performed the same multivariate regression models, using only baseline cross-sectional observations in the matched cohort (detailed results not reported). The results revealed a 1.2 to 2 times inflation in the coefficients estimated from cross-sectional between-subject variations compared with the ones estimated from longitudinal within-subject variations in this study. Thus, there is a potential for the overestimate of the results obtained from cross-sectional data.
Comparing the relative contributions of health-related risks that have been frequently estimated in literature, we affirm the prior evidences that poor emotional health (stress, depression, and physiological distress) and inadequate exercise (physical inactivity) had a greater impact on productivity than other health risks. 3, 15, 16, 18, 19, 22, 23, 30, [44] [45] [46] [47] [48] We also found that recurring pain, high blood pressure, and unhealthy diet had significant and favorable effects on productivity changes. Considering the relative high prevalence at baseline, the interventions aimed to reduce these healthrelated risks were potentially most effective in reducing productivity loss. Obesity, high cholesterol, tobacco use, and excessive alcohol use generally contributed to productivity changes insignificantly or unfavorably, possibly because of its multicolinearity with other risks that are closely correlated. Future work is needed to explore how the various elements of well-being interact to influence productivity measures.
Health-related risk explained only a portion of the total productivity variances. For example, Riedel et al 16 found that health risks accounted for 7.8% of the total variance in productivity impairment and acknowledged that the majority of variation was left unexplained. Lenneman et al 22 also found that only 8.5% of the variance in productivity was contributed by health risks. The explanations to the remaining portion of productivity variances are very limited thus far. 21 The present study is the first attempt to understand the unaccounted for variance in productivity as explained by a broad list of modifiable well-being risks in a longitudinal data. In support of the growing body of research that seeks to evaluate health from a more comprehensive perspective of well-being, we found several well-being factors that were directly contributing to significant productivity loss. We found that reductions in work-related well-being risks and financial health risks significantly contributed to improvement in productivity measures, especially for measures of presenteeism and job performance that were not attributable solely to the more narrow definition of physical health. For example, physical health, health behavior, social and emotional health risks, and other baseline socioeconomic characteristics alone explained roughly 8% of total variance in WBA-P overall score in this study. After entering work-related risks and financial health risks into the regression, the portion of total variance in WBA-P overall that can be explained by all covariates increased to 15%. Our results point to the need for a comprehensive and holistic method of intervention to optimize productivity. Adding components that modify work environment and improve employees' financial health in traditional health promotion programs may be more effective in reducing productivity impairment than health promotion alone. At the same time, a large portion of productivity variances remain in the black box. It is likely that this study solely focused on modifiable well-being risks, and adding nonmodifiable well-being risks would improve the model fit. For example, predictors in macroeconomic environment, corporate environment, and personal life that are not "modifiable" by current workplace wellbeing interventions are beyond the scope of this analysis, but they are potentially correlated with employees' productivity measures over time. Future studies are warranted to understand the predictors of unexplained variances in productivity measures.
When entering counts of well-being risks in five dimensions the regression, we were able to detect their differential returns in investing well-being intervention programs. We found that interventions targeting physical health, health behavior, and social and emotional health would have greatest impact on all productivity measures; reducing work-related risks would be potentially most effective in improving WBA-P overall and WBA-PW; and the impact of financial health risks was modest across all productivity measures. These findings underscore the need to take a holistic well-being approach to detect determinants of productivity changes beyond traditional health risks. They also have important implications to employers and practitioners when prioritizing workplace well-being intervention programs.
In contrast to prior cross-sectional studies of health risks and productivity, we were able to use the repeated measures of same subject over time in longitudinal data. Longitudinal analysis allowed us to exclude the time-invariant unobserved individual heterogeneities that are not directly observed in the data but are still correlated with observed outcomes. Examples of time-invariant unobserved individual heterogeneities in this study context may include individual preference to participate in workplace intervention programs, FIGURE 1. Standardized effect on productivity change against baseline prevalence for 19 modifiable well-being risks, 5% reduction scenario. Risks enclosed in bold rectangle indicate ones with relative high prevalence at baseline and relative high independent impacts on productivity measures. Well-Being Assessment for Productivity (WBA-P) work-related presenteeism and personal sources of presenteeism results were not plotted. Only items that had significant relationship with productivity outcomes were shown for figure clarity. The estimated productivity changes associated with changes in well-being risk items were standardized into percentage change relative to baseline, assuming a 5% reduction in each risk and controlling for baseline socioeconomic characteristics.
personal willingness to improve behaviors, and self-management skills. The potential bias introduced by such time-invariant unobserved individual heterogeneities is minimized in fixed-effect models by "differencing" the unobserved heterogeneities out. This longitudinal data estimation strategy is also plausible for self-report productivity outcome variables used in this study, which are likely subject to common method bias. There has been evidence suggesting that absenteeism is underreported compared with employer payroll records 29 and discrepancy also exists between self-reported job performance and archival or experience sample method work performance scores. 29 The estimation biases because of self-report bias are largely "differenced out" in longitudinal data if the overreporting or underreporting are systematic and constant within same subject over time.
Although this study was not intended to evaluate program effects, it is important to note that we observed an overall trend in favorable directions for all productivity measures during baseline and follow-up, a period when the five employers implemented multidimensional workplace well-being interventions. In the study sample, 25% were able to reduce their physical health risks by 1 or more, 26% improved their health behaviors, 16% improved their social and emotional health, and 31% and 13% employees reduced their work-related and financial health risks, respectively. Those favorable changes were observed along with 27.36% reduction in absenteeism, 8% to 15% decrease in presenteeism, and 0.69% increase in job performance, all statistically significant on the basis of paired t test results. Even though the job performance improvement seems small in magnitude, it is equivalent to a saving of $468 per person per year if we convert it into monetary terms by using human capital approach (an average of national private industry daily salary and compensation of $271.04 in 2012 49 was multiplied by the productivity loss days), which is nonnegligible to employers. These findings demonstrate that productivity can be improved over a short-term period, significant near-term gains can be yielded, and an important business case to employers can be built. Although causality is difficult to attribute because of unobserved contemporary confounding factors such as employer-specific engagement activities, workplace culture of well-being, and macroeconomic environment, the results implied the effectiveness of the workplace health promotion and well-being improvement programs in enhancing productivity, as suggested by prior well-being intervention evaluation studies. [50] [51] [52] [53] [54] [55] [56] [57] [58] 
LIMITATIONS
There are several limitations of this study. A common concern with longitudinal data is the potential biases introduced by droppedout observations. 59 Although the comparison between matched cohort (60% of the baseline sample) and dropout sample (40% of the baseline sample) revealed negligible differences in baseline socioeconomic characteristics, to what extent the results of this study are representative of the dropout sample remains unknown. In Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. addition, the WBA survey response rates at baseline and follow-up varied between 30% and 85%, within the range of published similar studies, 3, [20] [21] [22] 30, 60 but the results may be still not generalizable to nonparticipants and employers whose characteristics are dissimilar to that of the five employers included in this study. The use of national representative pooled employer sample with high participation and follow-up rate is recommended for future studies.
Another limitation is the possible misclassification of certain health-related risks. Because biometric data such as blood pressure, cholesterol, and blood glucose were not accessible, we relied on selfreport conditions. Even though an individual reports a health risk, it is possible that some individuals report health risks that are in reality well-managed and thus not having an immediate deleterious effect on outcome. When taking the first difference of those risks measurements in longitudinal data, such misclassification will underestimate the effect of risks if the conditions are well-managed at follow-up but are still reported as a risk. In addition, some of the well-being risks relied on individual's personal knowledge and judgment, which may also introduce biases. Future research may use biometric data and other objective measures to improve the estimation.
We were unable to follow up employees across multiple years because of data availability. Although this study suggested that the modifiable well-being risks had immediate and significant impact on productivity measures in the short term, whether the impact is sustainable in the long run needs further examination. It is possible that the returns of well-being improvement diminish in the long term as the room for improvement becomes small; it is also possible that the sustained impact creates a compounded improvement in productivity outcomes over time. Some individual risks demonstrated insignificant or unfavorable relationship with productivity. It is likely that they are to manifest over different time frames to affect outcomes. Future work should seek to understand how modifiable well-being risks affect productivity over longer time frames than what was able to be studied here.
CONCLUSIONS
On the basis of longitudinal evidences, we found that the improvement of productivity over time can be attributed to the reduction of a broad list modifiable well-being risks. We explained significant additional variance in longitudinal productivity changes as by factors other than health-related risks. Overall, the findings contribute to our understanding of well-being predictors for productivity and provide empirical evidences on their relative contributions. The results suggest that the productivity measures can be improved over time and multidimensional comprehensive workplace well-being intervention programs need be considered especially when productivity measures that are not solely health related are of interest.
